Because chronic kidney disease is a growing health concern, family physicians must be equipped to care for this unique patient population. Diabetes mellitus and hypertension, which are commonly addressed in the office setting, are the largest contributors to chronic kidney disease; therefore, these risk factors should be tightly controlled and these patients should be screened closely for signs of renal damage. The National Kidney Foundation recommends that screening include determination of the glomerular filtration rate (GFR) and assessment for the presence of proteinuria. Once the diagnosis of chronic kidney disease is established (by the presence of persistent kidney damage or a GFR <60 mL/min/1.73m 2 for at least 3 months), the etiology of chronic kidney disease needs to be elucidated. Often the etiology can be determined by history alone; however, reversible causes of chronic kidney disease should be considered in all patients. Regardless of the underlying etiology of the chronic kidney disease, the family physician can make a significant impact in slowing the progression of chronic kidney disease through strict blood pressure control, tight glycemic control, reduction in the degree of proteinuria, and smoking cessation. All chronic kidney disease patients are at significantly increased risk of cardiovascular events; therefore, additional cardiovascular risk factors such as hyperlipidemia should be managed aggressively. Assessment for the complications of chronic kidney disease, including anemia, bone metabolism abnormalities, metabolic acidosis, and malnourishment, should be assessed once the GFR declines below 60 mL/min/1.73m 2 (stage 3). Early screening and treatment of these complications can prevent the development of further sequelae and should not be delayed until referral to nephrology. Appropriate counseling and health maintenance is also needed for this patient population and should be given by the family physician involved in the patient's care. (J Am Board Fam Med 2010;23: 542-550.)
The prevention, early detection, and prompt treatment of chronic kidney disease is within the realm of the family physician. It is estimated that 13% of the adult population suffers from chronic kidney disease and the numbers are expected to continue to climb. 1 With this rise in the prevalence of chronic kidney disease, the role of the family physician in improving patient care and disease outcomes has become increasingly evident. In this regard, additional training and education about chronic kidney disease and its complications is warranted to better equip family physicians to directly impact disease progression. It has been shown that primary care physicians' familiarity with chronic kidney disease is suboptimal, 2 and the goal of this article is to provide family physicians with the knowledge required to provide quality care for their patients with chronic kidney disease.
Chronic kidney disease is defined by the National Kidney Foundation 3 as either a decline in glomerular filtration rate (GFR) to Ͻ60 mL/min/ 1.73m 2 or the presence of kidney damage for at least 3 months. Signs of kidney damage classically include proteinuria but other markers of damage, such as persistent glomerulonephritis or structural damage from polycystic kidney disease, can also be present. Chronic kidney disease has been subdi-vided into 5 stages of increasing severity ( Table 1 ). The complications of chronic kidney disease are associated with various stages and the screening recommendations vary by stage. Previous laboratory evaluations of renal function, such as 24-hour urine collections for creatinine clearance, are generally no longer necessary because of the accuracy and ease of the calculation of the GFR from serum laboratory values. The use of serum creatinine is not sufficient for determining chronic kidney disease because approximately half of the renal function must be lost before the creatinine will be elevated out of the normal range.
GFR calculations should be included routinely by laboratories; however, if needed, it can be easily calculated using the Modification of Diet in Renal Disease study calculator. This is the equation that is recommended by that National Kidney Foundation 3 and is available online. 4 The Cockroft-Gault equation is useful for medications that require renal dosing because it is used to calculate creatinine clearance. Neither of these calculations should be used during acute renal failure because a stable creatinine level is required to ensure their accuracy.
Prevention
Knowledge of the risk factors for the development of chronic kidney disease is crucial to prevention of the disease process. Diabetes mellitus and hypertension are the leading causes of chronic kidney disease; therefore, these risk factors must be tightly controlled in all patients. Glycemic and hypertensive control is discussed in more detail later in this review. In addition, medication lists should be reviewed closely with patients to ensure that any potentially nephrotoxic medications are being used appropriately and in correct dosages. In particular, over-the-counter medications should be evaluated for the potential of drug interactions and nephrotoxicity. Nonsteroidal anti-inflammatory drugs (NSAIDs) are notoriously nephrotoxic and physicians may underestimate their patient's usage of these medications unless they specifically inquire.
Screening: Whom and How?
The patients who are at increased risk of chronic kidney disease are those with long-standing diabetes and/or hypertension; these conditions are the primary contributors to kidney disease. The National Kidney Foundation 3 has identified the following additional risk factors for chronic kidney disease: Ͼ60 years old, racial or ethnic minorities, exposure to known nephrotoxins, low income or education level, autoimmune diseases, systemic infections, urinary tract infections, nephrolithiasis, neoplasia, family history of kidney disease, recovery from acute renal failure, reduction in kidney mass, and low birth weight.
The US Preventive Services Task Force currently has no specific screening recommendations for kidney disease. 5 The National Kidney Foundation, however, recommends testing for all patients with diabetes, hypertension, a family history of kidney disease, age Ͼ60 years, and ethnic minorities because these are the most prominent risk factors for chronic kidney disease. 3 For these patients who are at increased risk for chronic kidney disease, it is recommended that the minimal screening for kidney damage include assessment of GFR and proteinuria. Currently, the guidelines for hypertension from the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure guidelines 6 recommend an annual screening urinalysis to assess proteinuria; however, the National Kidney Foundation 3 and the European Society of Cardiology/European Society of Hypertension 7 recommend screening for microalbuminuria. The European Society of Cardiology/European Society of Hypertension state in their 2007 Guidelines for the Management of Arterial Hypertension: "Microalbuminuria has now been considered an essential component in the assessment of organ damage because its detection is easy and relatively inexpensive." 7 A routine urinalysis detects only protein unless an albumin-specific dipstick is used. When the glomerular membrane is damaged, the initial protein that is spilled into the urine is albumin because of its molecular size and negative charge. Therefore, screening for the presence of microalbuminuria is the more sensitive test for detection of early kidney damage. The American Diabetic Association 8 recommends that all diabetic patients have an annual screen for microalbuminuria. Microalbuminuria is considered positive when the level is Ͼ30 mg/g; however, there are gender-specific values that have not entered into routine use at this point (Ͼ17 mg/g in men and Ͼ25 mg/g in women). If the level of proteinuria exceeds 500 mg/g, using an untimed (spot) urine protein/creatinine ratio is recommended to assess the severity of the proteinuria and its response to interventions. Currently, there is agreement among the recommendations for assessment of renal function with screening chemistry and calculated GFR.
3,6 -8

Etiology
Chronic kidney disease can be a manifestation of another chronic illnesses that are causing end-organ renal damage, such as diabetes mellitus or hypertension. Alternatively, chronic kidney disease can be an intrinsically renal disease, such as polycystic kidney disease. Therefore, at diagnosis of chronic kidney disease, family physicians must determine the underlying etiology so that the treatment plan can be appropriately directed.
Diabetes is the most prominent cause of chronic kidney disease, accounting for 33% of adult chronic kidney disease cases. 3 Conversely, 20% to 40% of diabetics will develop diabetic nephropathy during the course of their disease 8 ; therefore, as the number of diabetic patients increases, the incidence of chronic kidney disease can be expected to follow. Diabetic nephropathy follows a classical progression that, when present, often negates the need for a renal biopsy to confirm its presence. The initial presentation of diabetic kidney disease is microalbuminuria followed by increasing severity of proteinuria as the glomerular filtration membrane is further damaged. The development of hypertension subsequently occurs, followed by a decline of the GFR. 3 Both type 1 and type 2 diabetes can cause kidney disease; however, because type 2 diabetes is increasingly prevalent, it is more commonly associated with kidney damage than type 1. The onset of diabetic kidney disease closely correlates with the onset of diabetic retinopathy because both are manifestations of microvascular disease 9 ; therefore, if retinopathy is not present in a diabetic patient with chronic kidney disease, the nephropathy may not be caused by the diabetes, and other etiologies should be thoroughly evaluated. 8 Vascular disease (primarily hypertension) is the second most common cause of chronic kidney disease (it causes 21% of adult chronic kidney disease cases). 3 Hypertensive nephrosclerosis is associated with addition signs of hypertensive end-organ damage because of long periods of poorly controlled hypertension. Atherosclerotic renovascular disease is suggested by a sudden worsening of hypertension, with findings of atherosclerosis in non-renal areas. Renal ultrasound may show asymmetrical kidney sizes, with the smaller kidney receiving less blood supply because of its renovascular disease. There are multiple imaging studies that can be used to confirm suspected renal artery stenosis. Duplex Doppler ultrasonography is useful as an initial screening test when renal artery stenosis is suspected in a patient with chronic kidney disease because it does not require administration of intravenous dye. Magnetic resonance angiography with gadolinium must be used judiciously in patients with a GFR Ͻ60 mL.min/1.73m 2 because of the risk of nephrogenic systemic fibrosis. Similarly, computed tomographic angiography may worsen renal function and should be used cautiously. Renal angiography is the gold standard for confirmation and is useful for therapeutic interventions; however, it also carries the risk of worsening renal function. 10 Among young women with no findings of atherosclerosis, fibromuscular dysplasia should be considered as the etiology of renal artery stenosis.
Differentiation between the various etiologies of kidney damage can be difficult at times and, in all cases, the presence of treatable causes should be assessed. This evaluation begins with a detailed history and physical, with consideration of the broad differential of causes of chronic kidney disease as illustrated in Table 2 . If the etiology cannot be elucidated, then consultation with a nephrologist should be considered because a renal biopsy may be indicated.
Interventions to Slow the Progression of Kidney Disease
The Modification of Diet in Renal Disease study 11 followed chronic kidney disease patients at all stages for a 2-year period and concluded that 85% of patients had a decline in their GFR, with the average rate of decline 4 mL/min annually regardless of the baseline GFR. There are modifiable and nonmodifiable factors that contribute to this decline. These factors have been shown to be significant regardless of the underlying etiology of the chronic kidney disease. In general, the nonmodifiable risk factors associated with more rapid decline in kidney disease include increased age, AfricanAmerican race, and male sex. The modifiable risk factors are the focus of treatment to halt disease progression and include higher levels of proteinuria, a lower serum albumin level, higher blood pressure, poor glycemic control, and smoking. Currently there is conflicting data regarding the role of dyslipidemia and anemia in the role of kidney disease progression. 
Proteinuria
Because proteinuria contributes to an increase in renal damage, screening and quantification of the presence of proteinuria is critical in the care of chronic kidney disease patients. Random (spot) samples of urine for calculation of the urine protein-creatinine ratio eliminate the need for 24-hour urine collections for quantification of proteinuria.
Once proteinuria is identified, its control becomes a high priority. The goal of treatment is to decrease the degree of proteinuria; even low levels of proteinuria are associated with progression of chronic kidney disease and cardiovascular disease. 3 Angiotensin converting enzyme (ACE) inhibitors are considered first-line medications for proteinuria, regardless of the underlying cause or stage of chronic kidney disease. 3 As such, family physicians should become competent with the initiation of these medications and confidence with monitoring their effects. Because hyperkalemia and slight worsening of renal function can occur with the initiation of ACE inhibitors, these factors should be monitored; however, the medications should not be discontinued without due cause. Mild hyperkalemia (potassium Ͻ 5.6 mmol/L) can often be controlled by dietary changes, cessation of NSAID use, and potassium-sparing diuretics, if applicable. In addition, potassium excretion can be enhanced by the addition of a loop diuretic. For hyperkalemia Ͼ5.6 mmol/L, the ACE inhibitor should be immediately discontinued and the patient should be treated appropriately. With regard to the concern of acute renal failure related to the initiation of ACE inhibitors, a modest rise in creatinine level (Ͻ30% increase) within 1 to 2 weeks of initiation of therapy Congestive heart failure Signs and symptoms of heart failure present. Because fluid overload is common in chronic kidney disease, diagnosis is made through echocardiogram to evaluate systolic and diastolic heart function.
Genetic syndromes Evaluation of family history is suggestive. is considered acceptable. The patient should be monitored to ensure that additional rise does not occur because this would be cause for discontinuation of medication and further evaluation. Renal artery stenosis, hypovolemia, or uncompensated heart failure may be associated with a rise in creatinine level of Ͼ 30% and, once treated, the ACE inhibitor may be reinstated safely. 12 An angiotensin receptor blocker (ARB) may be considered for patients who are unable to tolerate ACE inhibitors. In diabetic kidney disease, an ARB may be used as a first-line alternative to ACE inhibitors. 7 In addition, the candesartan and lisinopril microalbuminuria study demonstrated the benefit of the use of the combination of an ACE inhibitor (lisinopril) with an ARB (candesartan) in patients with diabetic-associated microalbuminuria. 13 The addition of a nondihydropyridine calcium channel blocker, such as diltiazem or verapamil, can further decrease the degree of proteinuria, as can the addition of a thiazide or loop diuretic. 3 However, the blockade of the renin-angiotensin system remains the cornerstone of treatment of proteinuria.
Blood Pressure Control
Strict blood pressure control is a high priority in the care of the patient with chronic kidney disease. For the reasons mentioned above, ACE inhibitors or ARBs are commonly used as the initial medications to achieve blood pressure control; however, often a multidrug regimen is needed. Commonly, diuretics are needed for patients with chronic kidney disease because of the hypertensive effect of volume overload.
14 According to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure guidelines, 6 the goal blood pressure is Ͻ130/80 mm Hg in patients with chronic kidney disease; however, the National Kidney Foundation 3 suggests a more stringent goal of Ͻ125/75 mm Hg for patients with chronic kidney disease and significant proteinuria. With the achievement of these blood pressure goals, further kidney damage can be avoided and the progression of the patient's chronic kidney disease can be slowed.
Glycemic Control
Regardless of the cause of chronic kidney disease, tight glycemic control should be achieved for all diabetic patients. The American Diabetic Association recommends a target glycated hemoglobin level of Ͻ7.0 for all diabetics, regardless of whether kidney disease is present. 8 Treatment of diabetes in patients with kidney disease can be complicated. Table 3 shows diabetic medications that need dosage adjustments by creatinine clearance. Metformin, which is the cornerstone oral medication for diabetic glycemic control, is contraindicated with creatinine Ͼ1.5 in men and 1.4 in women because of the concern about lactic acidosis.
Tobacco Abuse
Cigarette smoking is associated with a more rapid decline in kidney function regardless of the underlying cause of the chronic kidney disease. 3 Smoking cessation should be discussed and encouraged in all 
Complications of Chronic Kidney Disease
The prevalence of the complications of chronic kidney disease increases with each stage of the disease. According to the National Health and Nutrition and Examination Survey III database, 15 the prevalence of complications for a patient with stage 1 chronic kidney disease is 0.28, and it rises to an average of 1.71 in stage 4. Therefore, it is recommended that screening for anemia, bone metabolism abnormalities, and metabolic acidosis be performed once the GFR is Ͻ60 mL/min/1.73m 2 (stage 3). 3 The interval for each screening test varies by the stage of chronic kidney disease. Table 4 provides an overview of the screening recommendations from the National Kidney Foundation. If a complication is identified, the interval shortens to follow the success of treatment interventions.
Anemia of Chronic Kidney Disease
The National Kidney Foundation 3 recommends that patients have at least an annual complete blood count as a screening for anemia. This recommendation leaves room for more frequent assessments in patients who are at higher risk or have had a decline in their hemoglobin but have remained within the normal range. 3 The presence of anemia in a patient with chronic kidney disease requires further evaluation to elucidate the underlying cause of the anemia. Erythropoietin is produced by the kidney and stimulates production of reticulocytes in the bone marrow. As kidney function declines, the production of erythropoietin declines and anemia results. In addition, chronic kidney disease is a pro-inflammatory condition that can result in anemia of chronic disease. Furthermore, nutritional deficiencies may be present and the assessment of iron, folate, and vitamin B 12 levels should be made when clinically indicated. The minimal work-up suggested for a patient with anemia includes the complete blood count indices, reticulocyte count, serum ferritin, and transferrin saturation (TSAT). The reticulocyte count can be used to calculate the reticulocyte index, which provides essential information regarding the capability of the bone marrow to compensate for the anemia. The serum ferritin is a measurement of the total body iron stores and is considered low when Ͻ25 ng/mL in men and Ͻ12 ng/mL in women. The TSAT is a measurement of the adequacy of iron for erythropoiesis and is considered low when Ͻ16%. Classically, the anemia associated with chronic kidney disease is a normocytic, normochromic anemia with a normal ferritin and TSAT.
The target hemoglobin level for patients with anemia from chronic kidney disease is between 11.0 and 12.0 g/L. It is recommended by the National Kidney Foundation that hemoglobin should not be above 13.0 g/L because this has been shown to be associated with increased incidence of cardiovascular mortality. 3 There are several erythropoietin analogs that can be given either subcutaneously or intravascularly for the treatment of this anemia. Patients being treated with these agents require monthly assessments of hemoglobin levels because dose adjustments are frequently needed to maintain the hemoglobin at the target of 11.0 to 12.0 g/L. Work-up and treatment of any associated irondeficiency anemia should be done in conjunction with this treatment because the effectiveness of the erythropoietin is dependent on iron as a building block for hemoglobin synthesis.
Bone Metabolism Abnormalities
The National Kidney Foundation 3 recommends that patients be screened for bone metabolism abnormalities with assessment of intact parathyroid hormone (PTH), phosphorus, and calcium at regular intervals, as directed by the stage of their Values are presented as monthly intervals. PTH, parathyroid hormone; GFR, glomerular filtration rate.
kidney disease (Table 4) . These measurements should be done more frequently if the patient has an abnormality for which they are receiving treatment. The target values for phosphorus and intact PTH vary by stage of kidney disease whereas the target for calcium is the normal laboratory range (Table 5 ). Assessment of bone density with a dual energy radiograph absorptiometry scan for patients with chronic kidney disease is only recommended by the National Kidney Foundation for those patients with fractures or with known risk factors for osteoporosis. The US Preventative Services Task Force 16 agrees with this recommendation and does not list chronic kidney disease as a specific indication for osteoporosis screening.
Bone metabolism abnormalities are initially caused by elevations in phosphorus; renal excretion is impaired by the declining GFR. To compensate for the hyperphosphatemia, the parathyroid gland increases release of PTH. PTH has several effects on the kidney. It increases the absorption of calcium in the ascending limb of Henle, increases renal excretion of phosphorous by blocking reabsorption in the proximal tubule, and it activates 1-hydroxylase, which converts vitamin D to its active form: 1,25 hydroxyl vitamin D. PTH also acts on bone in conjunction with vitamin D by increasing the release of calcium and initiating the activation and proliferation of osteoclasts. Vitamin D has additional effects of increasing gut absorption of calcium and phosphorus as well as having a mild inhibitory effect on the release of PTH from the parathyroid gland. Secondary hyperparathyroidism is the compensatory increase in parathyroid production of PTH in response to the hypocalcemia and hyperphosphatemia caused by the declining renal function. Vitamin D deficiency results when the elevated PTH is unable to sufficiently stimulate the hydroxylation of 25-OH vitamin D to its active form, resulting in a deficiency. Therefore, an elevated PTH level can signify secondary hyperparathyroidism, vitamin D deficiency, or both.
When serum phosphorus levels are elevated above the recommended range as determined by the patient's kidney disease stage, then treatment must be initiated. The first component of treatment is to restrict dietary phosphorus to 800 to 1000 mg/day and to monitor blood work monthly to ensure the treatment is successful. 3 The diagnosis of tertiary hyperparathyroidism should be considered in patients with known, longstanding secondary hyperparathyroidism who have become resistant to treatment. Tertiary hyperparathyroidism involves hypertrophy of the parathyroid glands that has developed into an autonomous ad- enoma. Treatment of tertiary hyperparathyroidism may require surgical parathyroidectomy.
Metabolic Acidosis
The National Kidney Foundation 3 recommends that patients with chronic kidney disease be screened for metabolic acidosis by an assessment of total CO 2 at varying frequency intervals per their stage of kidney disease (Table 4 ). The target total CO 2 is 22 mmol/L. When the level falls below 22 mmol/L, treatment with supplemental alkali salts should be considered.
Cardiovascular Risk
Family physicians must be aware that chronic kidney disease has been recognized as an independent risk factor for cardiovascular disease. Therefore, this patient population must be aggressively managed to prevent cardiovascular events. The modifiable risk factor of hyperlipidemia is of particular importance. Patients with chronic kidney disease frequently have multiple lipid abnormalities; however, low-density lipoproteins should be the primary target, with attention paid to the non-highdensity lipoprotein levels if the triglycerides are elevated to Ͼ200. The National Kidney Foundation and the National Cholesterol Education Program Adult Treatment Panel (ATP III) differ on their recommendations for chronic kidney disease patients. The National Kidney Foundation 3 considers chronic kidney disease to be a coronary heart disease equivalent, placing all chronic kidney disease patients in the high-risk group as defined in the ATP III guidelines. However, the ATP III 18 does not include chronic kidney disease in its calculation of hyperlipidemia goals. Given this information, it is prudent to have an minimum density lipoprotein goal of Ͼ100 mg/dL for all patients with chronic kidney disease and an optional goal of Ͻ70 mg/dL, depending on the patient's additional risk factors or known cardiovascular disease status.
Health Maintenance
Family physicians play a key role in ensuring that patients with chronic kidney disease receive appropriate counseling and health maintenance interventions; this is a pivotal component to successful management of chronic kidney disease. Immunizations that are recommended for all chronic kidney disease patients are influenza and pneumovax vaccinations. 19, 20 Once a patient develops stage 4 chronic kidney disease, they should also receive the hepatitis B series because hemodialysis patients are at an increased risk of exposure to hepatitis B, despite precautions. 21 Additional health maintenance measures should be implemented according to the patient's other disease-specific recommendations and age.
Patients who smoke should be strongly encouraged to attempt to quit smoking because smoking is associated with increased cardiovascular disease and has been shown to accelerate the progression of chronic kidney disease. 3 In addition, patients should be encouraged to follow a healthy lifestyle with exercise as a component to combat their increased risk of cardiovascular disease.
Patient Education
Patients need to be educated about their disease process so that their expectations are appropriate and they are active participants in their care. Patients need to be aware that over-the-counter medications (such as NSAIDs) are harmful to their kidney functioning and must be avoided. In addition, patients should be encouraged to bring all of their over-the-counter medications to their appointments for review because numerous herbal and weight-loss medications can also be nephrotoxic.
Patients with stage 4 chronic kidney disease need to be educated about the options of transplantation, hemodialysis, and peritoneal dialysis. These discussions should not be delayed until the point of impending dialysis and are best accomplished in conjunction with a nephrologist. It is known that morbidity and mortality are significantly improved when patients do not have to use temporary access for dialysis. 22, 23 A fistula should be placed approximately 6 months before anticipated need for dialysis to allow for maturation as well as any revisions that may be necessary. A graft, however, can be placed approximately 3 to 6 weeks before predicted time of need for dialysis. A peritoneal catheter should be placed 2 weeks before its anticipated time of need. Patients with stage 4 chronic kidney disease should also be counseled about not allowing blood draws or intravenous access, particularly subclavian lines or peripherally inserted central catheter lines in their nondominant upper extremity or other sites as dictated by imaging studies because the complications of these procedures may preclude the use of the involved extremity for future dialysis access.
The family physician needs to be ready to educate chronic kidney disease patients about these topics and provide preventive care and ongoing care to this patient population. Although referral to a nephrologist is always an option, family physicians should feel comfortable with making the initial diagnosis of chronic kidney disease and with providing appropriate initial and ongoing care to these patients.
